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CHARGEABLE BATTERY ABNORMALITY
DETECTION APPARATUS AND
CHARGEABLE BATTERY ABNORMALITY
DETECTION METHOD

TECHNICAL FIELD

This disclosure relates to a chargeable battery abnormality

detection apparatus and a chargeable battery abnormality
detection method.

BACKGROUND ART

As technologies for detecting abnormalities of a charge-
able battery, for example, there are technologies disclosed 1n
Patent Document 1 and Patent Document 2.

Patent Document 1 discloses a technology related to a
chargeable system. In the technology, a polarity inversion of
a single battery 1n a series lithium secondary battery module
1s predicted and detected 1n advance and 1s 1dentified with an
alarm lamp, and a remaining battery 1s used to enable
continued use as a module.

Patent Document 2 discloses a technology of detecting an
internal short circuit of a battery. The internal short circuit 1s
detected by discharging a complete battery such that con-
stant current 1s caused to flow in two steps, 1.e., a first
discharge current Ia and a second discharge current Ib
(Ib<lIa), and using a difference between the discharge cur-
rents to calculate a change in voltage at the time, 1.€., a
difference between a first discharge voltage and a second
discharge voltage, as an internal resistance component.

CITATION LIST
Patent Documents

Patent Document 1: JP HO6-89743 A
Patent Document 2: JP 2002-313435 A

SUMMARY
Technical Problem

Incidentally, 1n the technology disclosed 1n Patent Docu-
ment 1, a voltage of each single battery (cell) constituting,
the battery module needs to be measured. In general, how-
ever, a battery module 1s sealed, and thus there 1s a problem
in that measuring a voltage of each single battery 1s diflicult,
hindering detection of a polarity inversion.

Further, 1n the technology disclosed 1n Patent Document
2, controlling a load current 1s diflicult 1n a case where a
battery module 1s mounted on a vehicle, causing a limit on
timings of detecting internal short circuits. Thus, there 1s a
problem 1in that a delay may be caused from occurrence to
detection of a short circuit.

The present disclosure 1s made 1n view of the circum-
stances as described above, and an object thereof 1s to
provide a chargeable battery abnormality detection appara-
tus and a chargeable battery abnormality detection method
capable of performing an abnormality of a chargeable bat-
tery at any timing.

Solution to Problem

To solve the problems described above, 1n one aspect, the
present disclosure provides a chargeable battery abnormality
detection apparatus configured to detect an abnormality of a
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2

chargeable battery, the chargeable battery abnormality
detection apparatus including: a processor; and a memory
storing instructions executable by the processor, wherein the
processor performs the following when executing instruc-
tions: calculating a value of an internal resistance of the
chargeable battery; determining whether the chargeable bat-
tery 1s being charged or being discharged; determining that
an abnormality has occurred in the chargeable battery if
either one of the following occurs: the calculated value of
the internal resistance decreases while the chargeable battery
1s being discharged; and the calculated value of the internal
resistance increases while the chargeable battery 1s being
charged; and outputting a determination result of the abnor-
mality.

According to such a configuration, an abnormality of the
chargeable battery can be determined reliably at any timing.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, the processor may determine that
the chargeable battery has been short-circuited when the
calculated value of the internal resistance increases while the
chargeable battery 1s being charged.

According to such a configuration, a short circuit can be
casily detected at any timing.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, the processor may also deter-
mine that that the abnormality has occurred in the chargeable
battery when the calculated value of the internal resistance
increases greater than a value 1n a normal state of the
chargeable battery while the chargeable battery 1s being
discharged.

According to such a configuration, an abnormality can be
reliably detected at any timing through comparison with the
normal value.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, the processor may determine that
a polarity inversion has occurred in the chargeable battery
when the calculated value of the internal resistance increases
greater than a value 1 a normal state of the chargeable
battery, and subsequently the calculated value of the internal
resistance starts decreasing while the chargeable battery 1s
being discharged, and the processor may determine that a
short circuit has occurred when the calculated value of the
internal resistance increases greater than a value 1n a normal
state of the chargeable battery, and subsequently the calcu-
lated value of the internal resistance does not start decreas-
ing while the chargeable battery 1s being discharged.

According to such a configuration, a polarnty inversion
and a short circuit can be easily and reliably detected at any
timing.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, the processor may determine that
the calculated value of the internal resistance increases
greater than the value 1n the normal state of the chargeable
battery 1f a ratio or a difference between the value of the
internal resistance at a present time and the internal resis-
tance at a past predetermined time when the chargeable
battery was in the normal state exceeds a predetermined
threshold value.

According to such a configuration, an abnormality can be
casily and reliably detected through comparison between
values of the internal resistance.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, the processor may determine that
the calculated value of the internal resistance increases
greater than the value 1n the normal state of the chargeable
battery 11 a value AR/ASOC obtained by dividing AR by

ASOC 1s less than a prescribed negative, where AR repre-
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sents an amount of increase 1n the calculated internal resis-
tance R per a predetermined time period, and ASOC 1s a
negative value representing an amount of change 1n a state
of charge SOC per a predetermined time period.

According to such a configuration, an abnormality can be
casily detected on the basis of a relationship between the
internal resistance and the state of charge.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, the processor calculates the
value of the internal resistance by dividing a fluctuating
value of a voltage 1 a predetermined time period by a
fluctuating value of a current in the predetermined time
period.

According to such a configuration, the internal resistance
can be easily calculated.

Further, in the above-described chargeable battery abnor-
mality detection apparatus, the chargeable battery abnormal-
ity detection apparatus may further include a voltage detec-
tor that detects a voltage of the chargeable battery, and the
processor may further determine that the abnormality has
occurred 1n the chargeable battery when the voltage detector
detects a voltage drop corresponding to a voltage of one cell
among a plurality of cells constituting the chargeable bat-
tery.

According to such a configuration, presence or absence of
an abnormality can be more accurately detected by also
referring to a detected voltage of the battery.

Further, in the above-described chargeable battery abnor-
mality detection apparatus, after determining that the abnor-
mality has occurred, the processor may determine that the
abnormality has been resolved 1f a value obtained by divid-
ing a value of the internal resistance at a certain time point
at or after a point 1n time when the processor determined that
the abnormality has occurred in the chargeable battery by a
maximum value of the internal resistance at or after the point
in time when the processor determined that the abnormality
has occurred falls below a predetermined threshold value.

According to such a configuration, not only occurrence of
an abnormality but also a resolution thereof can be detected.

Further, in the above-described chargeable battery abnor-
mality detection apparatus, after determining that the polar-
ity inversion has occurred, the processor may determine that
the abnormality of the polarity inversion has been resolved
if the calculated value of the internal resistance increases
again alter the processor has determined that the polarity
inversion has occurred and then decreases.

According to such a configuration, not only occurrence of
a polarity inversion but also a resolution of the polarity
inversion can be decided.

Further, 1n the above-described chargeable battery abnor-
mality detection apparatus, aiter determining that the abnor-
mality has occurred, the processor may determine that the
abnormality has been resolved if a voltage of the chargeable
battery increases to reach or exceed a predetermined thresh-
old value after the processor has determined that the abnor-
mality has occurred 1n the chargeable battery.

According to such a configuration, not only occurrence of
an abnormality but also a resolution thereot can be detected.

In another aspect, the present disclosure provides a
chargeable battery abnormality detection method of detect-
ing an abnormality of a chargeable battery, the chargeable
battery abnormality detection method including: calculating,
a value of an internal resistance of the chargeable battery;
determining whether the chargeable battery 1s being charged
or being discharged; determining that an abnormality has
occurred 1n the chargeable battery if either one of the
tollowing occurs: the calculated value of the internal resis-
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4

tance decreases while the chargeable battery 1s being dis-
charged; and the calculated value of the internal resistance
increases while the chargeable battery 1s being charged; and
outputting a determination result of the abnormality.
According to such a method, an abnormality of the
chargeable battery can be detected reliably at any timing.

Advantageous Elflects of Invention

According to the present disclosure, a chargeable battery
abnormality detection apparatus and a chargeable battery
abnormality detection method capable of detecting an abnor-
mality of a chargeable battery at any timing can be provided.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 1s a diagram 1llustrating a configuration example of
a chargeable battery abnormality detection apparatus
according to an embodiment of the disclosure.

FIG. 2 1s a block diagram illustrating a detailed configu-
ration example of a control unit of FIG. 1.

FIG. 3A includes diagrams for illustrating a polarity
1nversion.

FIG. 3B includes diagrams for illustrating a polarity
1NVersion.

FIG. 4 1s a graph showing temporal changes 1n a voltage
and an internal resistance when a polarity mversion occurs.

FIG. 5 1s a graph showing temporal changes 1n a voltage
and an iternal resistance when a short circuit occurs during
charge.

FIG. 6 1s a graph showing temporal changes 1n a voltage
and an internal resistance when a short circuit occurs during
discharge.

FIG. 7 1s a table showing a relationship between a type of
abnormality, a charge state, and behavior of 1n an internal
resistance.

FIG. 8A 1s a graph showing a method of measuring an
internal resistance.

FIG. 8B 1s a graph showing a method of measuring an
internal resistance.

FI1G. 9 1s a flowchart illustrating an example of processing
performed 1n the embodiment illustrated 1n FIG. 1.

FIG. 10 1s a flowchart 1llustrating an example of process-
ing of calculating an internal resistance R illustrated in FIG.
9.

FIG. 11 1s a flowchart illustrating an example of abnor-
mality monitor processing during charge illustrated in FIG.
9

FIG. 12 1s a flowchart illustrating an example of abnor-
mality monitor processing during discharge illustrated in

FIG. 9.

DESCRIPTION OF EMBODIMENTS

Next, embodiments of the present invention will be
described.
(A) Description of Configuration According to Embodiment
ol Present Invention

FIG. 1 1s a diagram 1illustrating a power supply system of
a vehicle including a chargeable battery abnormality detec-
tion apparatus according to an embodiment of the disclo-
sure. In FIG. 1, a chargeable battery abnormality detection
apparatus 1 includes a control unit 10, a voltage sensor 11,
a current sensor 12, and a temperature sensor 13 as main
components, and 1s configured to detect occurrence of an




US 11,796,600 B2

S

abnormality imside a chargeable battery 14. Note that the
temperature sensor 13 may be omitted from the configura-
tion.

Here, the control unit 10 detects a state of the chargeable
battery 14 by referring to outputs from the voltage sensor 11,
the current sensor 12, and the temperature sensor 13, and
controls a charge state of the chargeable battery 14 by
controlling a generated voltage of an alternator 15. Note that
the voltage sensor 11, the current sensor 12, and the tem-
perature sensor 13 may be incorporated into the control unit
10, or may be provided outside the control unit 10. The
voltage sensor 11 detects a terminal voltage of the charge-
able battery 14, and reports the detected results to the control
unit 10. The current sensor 12 detects a current flowing in
the chargeable battery 14, and reports the detected results to
the control unit 10. The temperature sensor 13 detects a
temperature of an electrolytic solution of the chargeable
battery 14 or an ambient temperature, and reports the
detected results to the control unit 10. Note that, instead of
the control unit 10 controlling the charge state of the
chargeable battery 14 by controlling the generated voltage of
the alternator 15, for example, an Electric Control Unit
(ECU) (not illustrated) may control the charge state.

The chargeable battery 14 1s a chargeable battery includ-
ing an electrolytic solution, such as a lead-acid battery, a
nickel-cadmium battery, or a nickel-metal hydride battery.
The chargeable battery 14 1s charged by the alternator 15,
drives a starter motor 17 to start an engine, and supplies
clectric power to a load 18. Note that the chargeable battery
14 includes a plurality of cells connected in series. The
alternator 15 1s driven by an engine 16, generates AC power
and converts the generated AC power mto DC power
through a rectifier circuit, and charges the chargeable battery
14. The alternator 15 1s controlled by the control unit 10 so
that the generated voltage can be adjusted.

For example, the engine 16 i1s configured by a recipro-
cating engine such as a petrol engine or a diesel engine, a
rotary engine, or the like. The engine 16 1s started by the
starter motor 17 and drives drive wheels via a transmission
to supply propulsive power to the vehicle and also drives the
alternator 15 to generate electric power. For example, the
starter motor 17 1s configured by a DC motor and generates
a rotational force by using electric power supplied from the
chargeable battery 14 to start the engine 16. For example, the
load 18 1s configured by an electric power steering motor, a
defogger, a seat heater, an 1gnition coil, a car audio system,
a car navigation system, or the like. The load 18 operates by
clectric power supplied from the chargeable battery 14.

FIG. 2 1s a diagram 1illustrating a detailed configuration
example of the control unit 10 1illustrated mm FIG. 1. As
illustrated 1n FIG. 2, the control unit 10 includes a Central
Processing Unit (CPU) 10a, a Read Only Memory (ROM)
10b, a Random Access Memory (RAM) 10¢, a communi-
cation unit 104, an Interface (I/F) 10e, and a bus 10f. Here,
the CPU 10a controls components on the basis of a program
10ba stored 1n the ROM 105. The ROM 105 1s configured
by a semiconductor memory or the like, and stores, for
example, the program 10ba 1including a group of commands
that can be executed by the CPU 10a. The RAM 10c¢ 1s
configured by a semiconductor memory or the like, and
stores data generated at the time of execution of the program

10ba and data 10ca (described later) such as a table. The
communication unit 104 communicates with an Electronic
Control Umt (ECU) serving as a higher-level device, for
example, and reports detected information or control infor-
mation to the higher-level device. The I'F 10e receive
signals supplied from the voltage sensor 11, the current
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sensor 12, and the temperature sensor 13 by converting the
signals mnto digital signals, and supplies a driving current to
the alternator 15, the starter motor 17, or the like such that
those components are controlled. The bus 10/ 1s a group of
signal lines for connecting the CPU 10q, the ROM 105, the
RAM 10¢, the communication unit 104, and the I/F 10e to
cach other, and for enabling those components to exchange
information with each other. Note that a Digital Signal
Processor (DSP), a Field Programmable Gate Array
(FPGA), or an Application Specified Integrated Circuit
(ASIC) may be used instead of the CPU 10a.

(B) Description of Operation According to Embodiment of
Present Invention

Next, operation according to embodiments of the disclo-
sure will be described. Note that an operation mechanism
according to the embodiments of the disclosure will be first
described below, and then detailed operation will be
described.

First, the operation mechanism according to the embodi-
ments of the disclosure will be described. In the embodi-
ments of the disclosure, a “polarity mversion” and a “short
circuit”, each of which i1s an abnormality of the chargeable
battery 14, are detected on the basis of a change in an
internal resistance of the chargeable battery 14. FIG. 3A and
FIG. 3B includes diagrams schematically illustrating the
mechanism of occurrence of the former case, 1.e., a polarity
inversion. The diagrams 1n FIG. 3A and FIG. 3B schemati-
cally illustrate a lead-acid battery composed of six cells C1
to C6. FIG. 3A 1illustrates a state immediately before occur-
rence of a polarity mversion, and FIG. 3B illustrates a state
immediately after the occurrence of the polarty inversion.
Note that hatching illustrated 1n the cells C1 to Cé represents
a state of charge of each of the cells C1 to Cé. Further, the
protrusions at the top of the lead-acid battery represent
positive (+) and negative (—) connection terminals. Further,
the plus and minus signs illustrated in the cells C1 to Cé
represent polarity of each of the cells C1 to C6.

In FIG. 3A, only the cell C4 has a low state of charge, and
the other cells have a high state of charge. In such a state, 1
power 1s continuously supplied to a load, the state of charge
of the cell C4 reaches nearly 0%. If the battery 1s continu-
ously discharged furthermore, the cell C4 1s charged 1n a
reverse direction due to a current flowing from adjacent
cells. As aresult, as illustrated in FIG. 3B, polarity of the cell
C4 1s reversed, and the state of charge turns negative as
indicated by hatching 1n the reverse direction.

Specifically, the polarity inversion refers to a phenom-
enon 1n which the polarity of a voltage output by at least one
cell out of a plurality of cells constituting the chargeable
battery 14 1s inversed. More specifically, regarding a battery
pack including a plurality of cells, as illustrated in FIG. 3A
and FIG. 3B, individual cells may have different states of
charge. In such a case, a voltage of some cell may reach a
final voltage (a voltage that may cause an adverse eflfect on
a cell 11 the cell 1s turther discharged even after reaching the
voltage), although the battery pack as a whole has remaining
capacity. If such a cell 1s used continuously, the cell 1s
charged 1n a reverse direction due to a current flowing from
other cells. This may cause polarity inversion, where the
positive pole and the negative pole are inversed. Such a cell
being subject to polarity inversion generates heat when the
cell 1s charged and discharged. The heat deteriorates neigh-
boring cells, causing further deterioration as a whole.

FIG. 4 1s a graph showing temporal changes 1n a voltage
and an 1nternal resistance when a polarity inversion occurs
in the chargeable battery 14. More specifically, FIG. 4 1s a
graph showing temporal changes in a voltage and an internal
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resistance when a polarity inversion occurs 1n a lead-acid
battery composed of six cells while a current 1s supplied to
a load. In FIG. 4, the horizontal axis represents elapsed time
(second (s)) from the start of measurement, and the vertical
axis represents a voltage (V) and an internal resistance (m£2)
of the chargeable battery. In a case where a polarity inver-
sion occurs, the state of charge approaches nearly 0 1n a
predetermined cell, and thus the voltage decreases. Further,
the decrease 1n the voltage increases 1mactive materials (lead

sulfate) of electrode plates, and thus the internal resistance
1ncreases.

When a polarity mnversion occurs at elapsed time T (s)
shown 1n FIG. 4, the cell 1s charged in a reverse direction.
Thus, the increasing 1nactive materials start decreasing, and
the internal resistance decreases. The voltage, by contrast,
comes to approximately 10V, because a voltage correspond-
ing to one cell (approximately 2 V) 1s canceled out.

Specifically, 1n a case where a polarity inversion occurs 1n
the chargeable battery, the increasing internal resistance
starts decreasing, and the voltage decreases by an amount of
a corresponding cell (one cell i FIG. 4).

In the present embodiment, occurrence of a polarity
inversion of the chargeable battery 14 1s detected on the
basis of characteristic changes in a voltage and an internal
resistance as described above.

In contrast, FIG. 5 shows changes 1n a voltage and an
internal resistance 1n a case where a short circuit occurs 1n
the chargeable battery 14 during charge. More specifically,
FIG. 5 1s a graph showing temporal changes in a voltage and
an internal resistance when a short circuit occurs while a
lead-acid battery composed of six cells 1s charged. In FIG.
5, the horizontal axis represents elapsed time (second (s))
from the start of measurement, and the vertical axis repre-
sents a voltage (V) and an internal resistance (mf2) of the
chargeable battery. For example, suppose that lead sulfate
being 1nactive materials falls ofl electrode plates and cross-
links the positive and negative electrode plates 1in a prede-
termined cell. If the battery 1s charged in such a case,
inactive materials having high electrical resistance turn into
lead having low electrical resistance due to the charge. As a
result, the positive and negative electrode plates are short-
circuited.

In the example of FIG. 5, the battery 1s being charged by
means of constant voltage charge, and thus the voltage 1s
constant at approximately 14 V. The internal resistance, by
contrast, increases as the short circuit progresses. In com-
parison with FIG. 4, the increasing internal resistance does
not start decreasing in the case of a short circuit. Note that
the example of FIG. 5 shows a case of constant voltage
charge. In a case of constant current charge, however, it 1s
assumed that the voltage decreases.

FIG. 6 shows changes in a voltage and an internal
resistance 1 a case where a short circuit occurs in the
chargeable battery 14 during discharge. More specifically,
FIG. 6 1s a graph showing temporal changes 1n a voltage and
an 1nternal resistance when a short circuit occurs while a
lead-acid battery composed of six cells, similar to that of
FIG. 5, 1s discharged. In FIG. 6, the horizontal axis repre-
sents elapsed time (second (s)) from the start of measure-
ment, and the vertical axis represents a voltage (V) and an
internal resistance (mf2) of the chargeable battery. For
example, 1n a predetermined cell, for example, 11 lead or lead
dioxide constituting the electrode plates falls off the elec-
trode plates due to an impact or the like and crosslinks the
positive and negative electrode plates, the positive and
negative electrode plates are short-circuited.
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In the example of FIG. 6, the battery 1s being discharged,
and thus the voltage shows a tendency to decrease. Further,
the voltage decreases by a voltage corresponding to one cell
as the short circuit progresses, and thus the voltage decreases
by approximately 2 V. Further, the internal resistance
increases as the short circuit progresses. Note that, unlike the
case of FIG. 4, the increasing internal resistance does not
start decreasing 1n the case of a short circuit as 1s the case
with FIG. 5.

FIG. 7 1s a table showing a relationship between a type of
abnormality, a charge/discharge state, and behavior of an
internal resistance of the chargeable battery 14. As shown 1n
FIG. 7, a polarity imnversion occurs during discharge, and
behavior that the internal resistance increases and then
decreases 1s exhibited. Further, a short circuit occurs during
both charge and discharge, and the behavior that the internal
resistance increases and then decreases 1s not exhibited.
Note that the internal resistance increases during discharge
also 1n a case where the chargeable battery 14 1s 1n a normal
state; however, 1n a case where a short circuit or a polarity
inversion occurs, the internal resistance increases 1n a
greater degree than 1 a normal state.

In the present embodiment, an abnormality of the charge-
able battery 14 1s detected on the basis of the behavior of the
chargeable battery 14 as described above.

More specifically, the chargeable battery abnormality
detection apparatus 1 measures a state of charge and an
internal resistance of the chargeable battery 14 1n a normal
state, and sets those measured results as a reference state of
charge SOC0 and reference internal resistance R0, respec-
tively. Note that, for example, the normal state refers to a
state at a time pomnt when the chargeable battery 14 1s
mounted on a vehicle or a time point after the elapse of a
certain time period (for example, several hours or several
days) from such mounting. As a matter of course, 1n a case
where an abnormality such as a short circuit or a polarity
inversion does not occur at time points, the time points other
than those described above may be adopted.

Next, the chargeable battery abnormality detection appa-
ratus 1 calculates an internal resistance at the present time
point. F1IG. 8A 1s a graph showing changes 1n a voltage and
a current of the chargeable battery 14. Note that, in FIG. 8A,
the horizontal axis represents elapsed time (s) from the start
ol measurement, and the vertical axis represents a voltage
(V) and a current (A). FIG. 8B 1s a partially enlarged graph
of FIG. 8A. In the present embodiment, for example, the
amount of change in voltage AV and the amount of change
in current Al are measured per microsecond. Then, for
example, AVa and Ala are calculated through cumulative
addition performed for 10 seconds. Using the calculated
values, a value of internal resistance R (=AVa/Ala) 1s cal-
culated by AVa/Ala.

Next, the chargeable battery abnormality detection appa-
ratus 1 calculates a state of charge SOC at the present time
point. More specifically, the chargeable battery abnormality
detection apparatus 1 measures a voltage of the chargeable
battery 14 1n a stable state in which polarization, stratifica-
tion, or the like of the chargeable battery 14 1s resolved after
the elapse of a predetermined time period (for example,
several hours) from the stop of the engine 16, and sets the
measured voltage as an open circuit voltage OCV. The open
circuit voltage OCV and the state of charge SOC have a
certain relationship. Thus, for example, the state of charge
SOC 1n a stable state can be calculated by referring to
information stored in a table that shows the relationship
between the open circuit voltage OCV and the state of
charge SOC. After the engine 16 1s started, the state of
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charge SOC at the present time point can be calculated by
cumulatively adding a current mnput and output to and from
the chargeable battery 14, and adding the obtained value to
SOC 1n a stable state calculated as described above.

Next, the chargeable battery abnormality detection appa-
ratus 1 compares the state of charge SOC at the present time
point and the reference state of charge SOCO0, and can
thereby determine whether the chargeable battery 14 1s
being charged or being discharged.

In a case where the chargeable battery abnormality detec-
tion apparatus 1 determines that the chargeable battery 14 1s
being charged, the chargeable battery abnormality detection
apparatus 1 determines whether or not the internal resistance
R 1s increasing. More specifically, the chargeable battery
abnormality detection apparatus 1 calculates a ratio (R/R0)
between the value of the internal resistance R at the present
time point and the reference internal resistance R0. In a case
where the ratio 1s greater than a predetermined threshold
value Thl (Th1>1) (in a case where R/R0>Th1), the charge-
able battery abnormality detection apparatus 1 determines
that the internal resistance 1s increasing. Incidentally, in
general, the internal resistance decreases during charge.
Thus, 1n a case where the internal resistance increases during
charge, it can be determined that there 1s an abnormality.
Further, 1n such a case, as shown 1n FIG. 7, 1t can be
determined that a short circuit occurs.

In contrast, in a case where the chargeable battery abnor-
mality detection apparatus 1 determines that the chargeable
battery 14 1s being discharged, the chargeable battery abnor-
mality detection apparatus 1 determines whether or not the
internal resistance R 1s increasing. More specifically, the
chargeable battery abnormality detection apparatus 1 calcu-
lates a ratio (R/R0) between the value of the internal
resistance R at the present time point and the reference
internal resistance R0. In a case where the ratio 1s greater
than a predetermined threshold value Th2 (Th2>1) (1n a case
where R/R0>Th2), the chargeable battery abnormality
detection apparatus 1 determines that the internal resistance
1s increasing. Incidentally, 1n general, the internal resistance
increases during discharge. Thus, 1n a case where the inter-
nal resistance increases during discharge, 1t cannot be imme-
diately determined that there 1s an abnormality. Accordingly,
as the threshold value Th2, a predetermined value that 1s
greater than the increase in the internal resistance 1n a
regular state 1s set, and 1t 1s determined that there may be an
occurrence ol an abnormality 1n a case where R/R0>Th2.
Then, the value of the internal resistance R 1s calculated for
a predetermined time period. In a case where the internal
resistance increases and then starts decreasing, 1t can be
determined that there 1s a polarnty inversion shown 1n FIG.
7. Further, 1n a case where the internal resistance increases
but does not start decreasing, 1t can be determined that there
1s a short circuat.

Note that, 1n a case where occurrence of an abnormality
1s detected, the chargeable battery abnormality detection
apparatus 1 can report the occurrence of the abnormality to
the higher-level device (for example, an ECU), and can
report either a polarity inversion or a short circuit as the
details of the abnormality.

As described above, according to the embodiment of the
disclosure, a situation in which behavior of the internal
resistance of the chargeable battery 14 1s different from
regular behavior (for example, behavior that internal resis-
tance gently decreases during charge, and gently increases
during discharge) 1s detected, and this allows a polarity
inversion and a short circuit of the chargeable battery 14 to
be detected.
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Further, in the present embodiment, an internal resistance
of the whole chargeable battery 14 including a plurality of
cells 1s calculated, and an abnormality 1s determined on the
basis of the internal resistance. This eliminates measurement
of individual cells, which 1s the case with Patent Document
1, for example. Thus, various types of abnormalities of the
chargeable battery 14 can be easily detected. Further, in the
present embodiment, abnormalities can be detected while
the chargeable battery 14 1s charged or discharged. Thus,
timing ol abnormality detection 1s not limited to specific
timing, which 1s the case with Patent Document 2, for
example. Instead, abnormalities can be detected at any
timing.

Next, with reference to FIGS. 9 to 12, the details of
processing performed in the embodiment 1llustrated in FIG.
1 will be described.

FIG. 9 1s a flowchart illustrating details of processing
performed 1n the control unit 10 1llustrated 1n FIG. 1. When
the processing of the flowchart illustrated in FIG. 9 1s
started, the following steps are performed.

In Step S10, the CPU 104 of the control unit 10 calculates
a reference state of charge SOCO0. More specifically, the
CPU 10a measures a voltage of the chargeable battery 14 1n
a stable state 1n which polarization, stratification, or the like
of the chargeable battery 14 is resolved with the use of the
voltage sensor 11, and sets the measured voltage as an open
circuit voltage OCV. Then, the CPU 10q can calculate a state
of charge SOC 1n a stable state by using information (or a
mathematical expression showing a relationship between the
open circuit voltage OCV and the state of charge SOC)
stored 1n a table (for example, a table stored 1n the data 10ca
of the RAM 10c¢) storing information showing a relationship
between the open circuit voltage OCV and the state of
charge SOC. The CPU 10a can calculate a state of charge
SOC at the present time point by measuring a current input
and output to and from the chargeable battery 14 with the use
of the current sensor 12 and cumulatively adding the mea-
sured results, and adding the value calculated as described
above to SOC. According to the above method, the state of
charge SOC can be calculated at predetermined timing (for
example, timing when the engine 16 1s started), and the
calculated result can be set as the reference state of charge
SOCO. Note that the open circuit voltage OCV fluctuates
depending on a temperature of an electrolytic solution of the
chargeable battery 14. For this reason, the open circuit
voltage OCV may be corrected on the basis of an estimated
temperature, which 1s obtained by measuring an ambient
temperature of the chargeable battery 14 with the use of the
temperature sensor 13, and then estimating the temperature
of the electrolytic solution on the basis of the measured
ambient temperature.

In Step S11, the CPU 10« calculates a reference internal
resistance R0. More specifically, as has been described with
reference to FIG. 8A and FIG. 8B, at predetermined timing
(for example, timing when the engine 16 1s started), for
example, the CPU 10a measures the amount of change 1n
voltage AV and the amount of change 1n current Al per
microsecond. Then, for example, the CPU 10a calculates
AVa and Ala through cumulative addition performed for 10
seconds. Using the calculated values, the CPU 10a calcu-

lates a value of internal resistance R (=AVa/Ala) by AVa/Ala.
Note that 1 microsecond and 10 seconds are merely
examples, and time may be set to time other that those
described above.




US 11,796,600 B2

11

In Step S12, the CPU 10a stores the reference state of
charge SOCO0 calculated 1n Step S10 and the reference
internal resistance RO calculated 1n Step S11 1n the RAM
10c, for example.

In Step S13, the CPU 10qa performs processing of calcu-
lating the internal resistance R at the present time point.
Note that the details of the processing of Step S13 will be
described later with reference to FIG. 10.

In Step S14, the CPU 10aq calculates a state of charge SOC

at the present time point. More specifically, the state of
charge SOC at the present time point can be calculated by
calculating a state of charge SOC 1n a stable state on the
basis of OCYV 1n a stable state, measuring a current input and
output to and from the chargeable battery 14 with the use of
the current sensor 12 and cumulatively adding the measured
results, and adding the obtained value to SOC 1n a stable
state described above.

In Step S135, the CPU 10a compares the state of charge
SOC at the present time point calculated 1n Step S14 and the
reference state of charge SOCO calculated 1n Step S10, and
determines whether SOC<SOCO 1s satisfied. In a case where
SOC<SOCO 1s satisfied (Yin Step S15), the process proceeds
to Step S17. Otherwise (N 1n Step S15), the process proceeds
to Step S16. More specifically, 1n a case where SOC<SOC(
1s satisfied, 1t can be determined that the battery 1s being
discharged. In such a case, the process proceeds to abnor-
mality monitor processing during discharge of Step S17. In
a case where SOC=SOC0 1s satisfied, 1t can be determined
that the battery 1s being charged (or the battery 1s 1n a state
in which its SOC does not vary). In such a case, the process
proceeds to abnormality monitor processing during charge
of Step S16. Note that the details of the abnormality monitor
processing during charge of Step S16 and the abnormality
monitor processing during discharge of Step S17 will be
described later with reference to FIG. 11 and FIG. 12,
respectively.

In Step S18, the CPU 10a determines whether or not to
continue the process. In a case where the CPU 10a deter-
mines to continue the process (Y 1n Step S18), the process
returns to Step S13, and a process similar to that described
above 1s repeated. Otherwise (N 1n Step S18), the process
ends.

Next, with reference to FIG. 10, the details of “processing
of calculating internal resistance R” illustrated 1 Step S13
of FIG. 9 will be described. When the processing of the
flowchart 1llustrated 1n FI1G. 10 1s started, the following steps
are performed.

In Step S30, the CPU 10a refers to output of the voltage
sensor 11, and measures the amount of change 1n voltage AV
in a predetermined time period (for example, 1n 10 ms).

In Step S31, the CPU 10a cumulatively adds the amount
of change 1n voltage AV measured 1n Step S30, and sets the
obtained result as AVa. Specifically, the CPU 10a calculates
AVa<=—AVa+AV.

In Step S32, the CPU 10a refers to output of the current
sensor 12, and measures the amount of change 1n current Al
in a predetermined time period (for example, 1n 10 ms).

In Step S33, the CPU 10a cumulatively adds the amount
of change 1n current Al measured 1n Step S32, and sets the
obtained result as Ala. Specifically, the CPU 10a calculates
Ala<=—Ala+Al

In Step S34, the CPU 10q determines whether a prede-
termined time period has elapsed. In a case where the CPU
10a determines that the predetermined time period (for
example, 10 seconds) has elapsed (Y in Step S34), the

10

15

20

25

30

35

40

45

50

55

60

65

12

process proceeds to Step S35. Otherwise (N 1n Step S34), the
process returns to Step S30, and a process similar to that
described above 1s repeated.

In Step S35, the CPU 104 calculates a value of the internal
resistance R according to R=AVa/Ala. Then, the process
returns to the original processing.

According to the processing described above, the internal
resistance R at the present time point can be calculated.

Next, with reference to FIG. 11, the details of “abnormal-
ity monitor processing during charge” illustrated 1n Step S16
of FIG. 9 will be described. When the processing of the
flowchart 1llustrated 1n FIG. 11 1s started, the following steps
are performed.

In Step S350, the CPU 10a determines whether R/R0>Thl
1s satisfied, on the basis of the internal resistance R calcu-
lated 1 Step S13 and the reference internal resistance R0
calculated 1n Step S11. In a case where the CPU 10q
determines that R/R0>Thl 1s satisfied (Y 1n Step S50), the
process proceeds to Step S51. Otherwise (N 1n Step S30), the
process returns to the original processing.

In Step S51, on the basis of FIG. 7, the CPU 10aq
determines that there 1s a possibility that a short circuit
occurs 1n the electrode plates of the chargeable battery 14,
because the internal resistance R increases while the charge-
able battery 14 1s charged.

In Step S52, the CPU 10a reports the possibility of a short
circuit to the higher-level device (for example, an ECU) (not
illustrated) via the communication unit 10d.

According to the processing described above, when the
internal resistance increases while the chargeable battery 14
1s charged, 1t can be determined that there 1s a possibility of
a short circuit, and the possibility can be reported to the
higher-level device.

Next, with reference to FIG. 12, the details of “abnor-
mality monitor processing during discharge” illustrated in
Step S17 of FIG. 9 will be described. When the processing
of the flowchart 1llustrated 1n FIG. 12 1s started, the follow-
ing steps are performed.

In Step S70, the CPU 10q determines whether R/R0>Th2
1s satisfied, on the basis of the internal resistance R calcu-
lated 1 Step S13 and the reference internal resistance R
calculated 1 Step S11. In a case where the CPU 10q
determines that R/R0>Th2 1s satisfied (Y 1n Step S70), the
process proceeds to Step S71. Otherwise (N 1n Step S70), the
process returns to the original processing. Note that, in
comparison with the threshold value Thl in Step S50, the
threshold value Th2 1n Step S70 can be set to satisiy
Th2>Thl. Specifically, 1n general, the internal resistance
decreases while the chargeable battery 14 1s charged. Thus,
it can be decided that there 1s an abnormality in a case where
the 1internal resistance increases even for a slight amount. In
contrast, 1n general, the internal resistance increases during
discharge. Thus, the threshold value Th2 needs to be set to
a value greater than such an increase. Note that the threshold
value Th2 may be set to change depending on the magnitude
of a discharge current. Specifically, a large value can be
adopted as the threshold value Th2 in a case where the
discharge current 1s large, and a small value can be adopted
as the threshold value Th2 in a case where the discharge
current 1s small.

In Step S71, the CPU 10a performs processing ol calcu-
lating the internal resistance R at the present time point.
Note that the processing 1s similar to the processing
described above with reference to FI1G. 10.

In Step 872, the CPU 10aq stores the internal resistance R
calculated in Step S71 1n the RAM 10c¢ 1n time series, for
example.
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In Step S73, the CPU 10q determines whether a prede-
termined time period (for example, one hour) has elapsed. In
a case where the CPU 10q determines that the predetermined
time period has elapsed (Y 1n Step S73), the process pro-
ceeds to Step S74. Otherwise (N 1n Step S73), the process
returns to Step S71, and a process similar to that described
above 1s repeated. Note that a change 1n the internal resis-
tance may be observed over time, and 1n a case where the
internal resistance decreases after an increase, the process
may proceed to Step S74 even belore the predetermined
time period elapses.

In Step S74, the CPU 10q refers to the plurality of values
of the internal resistance R stored in the RAM 10¢ 1n time
series 1 Step S72, and determines whether the internal
resistance R decreases after increase. In a case where the
CPU 10a determines that the internal resistance R decreases
alter increase (Y 1n Step S74), the process proceeds to Step
S75. Otherwise (N 1n Step S74), the process proceeds to Step
S76.

In Step S735, on the basis of FIG. 7, the CPU 10a decides
that there 1s a possibility of a polarity imnversion, because the
value of the internal resistance R decreases after increase.

In Step S76, on the basis of FIG. 7, the CPU 10a decides
that there 1s a possibility of a short circuit, because the value
of the mternal resistance R does not decrease after increase.

In Step S77, the CPU 10a reports the possibility of a
polarity inversion or a short circuit to the higher-level device
via the communication unit 104. Then, the process returns to
the original processing.

According to the processing described above, a possibility
of a short circuit or a polarity mversion can be decided on
the basis of behavior of an internal resistance while the
chargeable battery 14 1s discharged.

(C) Description of Modified Embodiments

It goes without saying that the above embodiment 1s
merely an example, and the disclosure 1s not limited only to
the case as described above. For example, in the above
embodiment, the internal resistance R 1s calculated through
the processing illustrated in FIG. 10. However, the value of
the mternal resistance R may be calculated with a method
other than this method. For example, a voltage and a current
when a current flows in a load are calculated, and on the
basis of the voltage and the current, the internal resistance
may be calculated. Alternatively, an equivalent circuit of the
chargeable battery 14 1s set, a voltage and a current of the
chargeable battery 14 are measured, and on the basis of the
voltage and the current, the equivalent circuit may be
calculated through a learning process.

Further, an abnormality during discharge of the charge-
able battery 14 1s decided on the basis of R/R0>Th2, as
illustrated 1n Step S70. However, in general, the internal
resistance icreases during discharge. Thus, wrong determi-
nation may be made in a case where the value of the
discharge current 1s great. In view of this, the threshold value
Th2 may be increased or decreased according to the dis-
charge current. For example, a table storing the discharge
current and the threshold value Th2 in association with each
other may be prepared, and the threshold value Th2 accord-
ing to the discharge current may be acquired from the table.
Alternatively, AR/ASOC may be calculated, where ASOC
represents a change in the state of charge SOC and AR
represents a change 1n the internal resistance R, and the
calculated value and a predetermined threshold value Th3 (a
threshold value different from the threshold value Th2) may
be compared. Specifically, 1n a case where AR/ASOC 15 less
than the predetermined threshold value Th3 (<0), 1t may be
determined that there 1s an abnormality. According to such
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a method, mnfluence caused due to diflerent magnitudes of
the charge current can be reduced.

Further, 1n Step S50 and Step S70, presence or absence of
an abnormality 1s determined on the basis of a magnitude
relationship between R/R0 and the threshold value Thl or
Th2. However, presence or absence of an abnormality may
be determined on the basis of a magnitude relationship
between the value of a difference between R and R0 and the
threshold value.

Further, in the above embodiment, in a case where an
abnormality 1s detected, such detection 1s reported to an
ECU (external processor) serving as the higher-level device.
However, for example, in a case where a short circuit 1s
detected, such detection 1s reported to the ECU, and at the
same time, the charge may be stopped 1n order to prevent a
large current from flowing from the alternator 15. Further,
alter a short circuit 1s detected, it 1s likely that the engine 16
cannot be restarted. Thus, the ECU may stop execution of
idle reduction, or may prompt a driver to visit a maintenance
facility, a dealer, a gas station, or the like before the engine
16 stops. Further, in a case where a polarity inversion 1s
detected, the alternator 15 may be controlled to promptly
charge the chargeable battery 14 1n order to resolve the
polarity mversion.

Further, 1n the above embodiment, the temperature of the
electrolytic solution of the chargeable battery 14 1s not taken
into consideration. However, the temperature of the electro-
lytic solution may be estimated using the temperature sensor
13, and on the basis of the estimated temperature, the value
may be normalized into a value 1 a standard state. For
example, 1n a case where the temperature of the electrolytic
solution estimated using the temperature sensor 13 15 30° C.,
this estimated value may be normalized 1nto a value at 25°
C., which 1s a standard state, by using a conversion table or
the like, for example.

Further, 1n the above embodiment, presence or absence of
an abnormality 1s decided on the basis of a change 1n the
internal resistance of the chargeable battery 14. However,
presence or absence of an abnormality may be decided by
also referring to a voltage of the chargeable battery 14 as
well as the internal resistance. For example, 1n a case where
the internal resistance changes and a predetermined voltage
drop (for example, a voltage drop of approximately 2 V,
which 1s a voltage corresponding to one cell constituting the
chargeable battery 14) occurs, 1t may be determined that
there 1s an abnormality. One example of a method of setting
a voltage threshold value indicating occurrence of a voltage
drop corresponding to a single cell 1s a method of calculating
a voltage threshold value by using the open circuit voltage.
Let n be the number of cells connected 1n series. The voltage
of a battery subject to a voltage drop corresponding to a
single cell can be calculated by: Open circuit voltagex(n—
1/n). A value obtained by adding the above value to an
appropriate margin can be set as the threshold value.

Further, let Ra be a value of the internal resistance at a
certain time point at or after a certain time point when 1t 1s
decided that there 1s occurrence of an abnormality in the
chargeable battery 14, and Rmax be a maximum value of the
internal resistance at or after the time point when 1t 1s
determined that there 1s occurrence of the abnormality. In a
case where a value obtained by dividing Ra by Rmax {falls
below a predetermined threshold value Th4 (1n a case where
Ra/Rmax<Th4), 1t may be determined that the abnormality
has been resolved. Specifically, 1n a case where a short
circuit 1s resolved due to vibration or the like, the internal
resistance Ra after the resolution decreases less than the
value of the internal resistance Rmax at or after the time
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point when 1t 1s determined that the short circuit occurs.
Thus, by determining whether Ra/Rmax<Th4 1s satisfied,
whether the short circuit has been resolved can be deter-
mined. Further, in a case where a polarity inversion 1s
resolved, the value of the internal resistance increases and
then decreases 1n a process of resolution of the polarity
inversion, as 1n the case of occurrence of a polarity inver-
sion. Thus, by determining whether Ra/Rmax<Th4
described above 1s satisfied, whether the polarity inversion
has been resolved can be determined, where Rmax repre-
sents a peak resistance value when the internal resistance
increases, and Ra represents a value of the internal resistance
after the increase. Further, it may be decided that an abnor-
mality has been resolved 1n a case where the voltage of the
chargeable battery 14 increases to reach or exceed a prede-
termined threshold value (for example, Open circuit volt-
agex(n—-1/n)) after 1t 1s decided that the abnormality occurs
in the chargeable battery 14.

Further, the flowcharts illustrated in FIG. 9 to FIG. 12 are
merely examples, and the present mnvention 1s not limited
only to the processing of those flowcharts.
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The 1nvention claimed 1s:

1. A chargeable battery abnormality detection apparatus
configured to detect an abnormality of a chargeable battery,
the chargeable battery abnormality detection apparatus com-
prising;:

a processor; and

a memory storing instructions executable by the proces-

SOT,
wherein the processor performs the following when
executing nstructions:
calculating a value of an internal resistance of the
chargeable battery;
determining whether the chargeable battery 1s being
charged or being discharged;
determining that an abnormality has occurred in the
chargeable battery 1f either one of the following
OCCUTS:
the calculated value of the internal resistance
decreases while the chargeable battery i1s being
discharged; and
the calculated wvalue of the internal resistance
increases while the chargeable battery 1s being
charged; and

outputting a determination result of the abnormality,

wherein after determining that the abnormality has

occurred, the processor determines that the abnormality
has been resolved 1f a value obtaimned by dividing a
value of the internal resistance at a certain time point at
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or after a point in time when the processor determined
that the abnormality has occurred in the chargeable
battery by a maximum value of the internal resistance
at or after the point in time when the processor deter-
mined that the abnormality has occurred falls below a
first predetermined threshold value.

2. The chargeable battery abnormality detection apparatus
according to claim 1, wherein the processor obtains a
voltage and a current at a load when the current tlows 1n the
load, and the processor calculates the internal resistance on
the basis of the obtained voltage and the obtained current.

3. The chargeable battery abnormality detection apparatus
according to claim 1, wherein the processor sets an equiva-
lent circuit of the chargeable battery and causes a voltage
and a current of the chargeable battery to be measured, and
the processor calculates the equivalent circuit on the basis of
the measured voltage and the measured current through a
learning process.

4. The chargeable battery abnormality detection apparatus
according to claim 1,

wherein the processor also determines that the abnormal-

ity has occurred in the chargeable battery when the
calculated value of the internal resistance increases
greater than a value 1n a normal state of the chargeable
battery while the chargeable battery 1s being dis-
charged,

wherein the processor determines that the calculated value

of the internal resistance increases greater than the
value 1n the normal state of the chargeable battery if a
ratio or a diflerence between the value of the internal
resistance at a present time and the internal resistance
at a past predetermined time when the chargeable
battery was 1n the normal state exceeds a second
predetermined threshold value, and

wherein the processor refers to a prepared table that stores

a discharge current and said second predetermined
threshold value 1n association with each other, and
acquires the second predetermined threshold value
according to the discharge current from the table.

5. The chargeable battery abnormality detection apparatus
according to claim 1,

wherein the processor also determines that the abnormal-

ity has occurred in the chargeable battery when the
calculated value of the internal resistance increases
greater than a value 1n a normal state of the chargeable
battery while the chargeable battery 1s being dis-
charged, and

wherein the processor determines that the calculated value

of the internal resistance increases greater than the
value 1n the normal state of the chargeable battery if a
value AR/ASOC obtained by dividing AR by ASOC 1s
less than a prescribed negative threshold value, where
AR represents an amount of increase in the calculated
internal resistance R per a predetermined time period,
and ASOC 1s a negative value representing an amount
of change 1n a state of charge SOC per a predetermined
time period.

6. The chargeable battery abnormality detection apparatus
according to claim 1, wherein the processor determines that
the calculated value of the internal resistance increases while
the chargeable battery 1s being charged when a difference
between the calculated value of the internal resistance at a
present time and the internal resistance at a past predeter-
mined time when the chargeable battery was 1n the normal
state exceeds a second predetermined threshold value.
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7. The chargeable battery abnormality detection apparatus
according to claim 1,

wherein the processor also determines that the abnormal-

ity has occurred in the chargeable battery when the
calculated value of the internal resistance increases
greater than a value 1n a normal state of the chargeable
battery while the chargeable battery 1s being dis-
charged, and

wherein the processor determines that the calculated value

of the internal resistance increases greater than the
value 1n the normal state of the chargeable battery if a
difference between the value of the internal resistance
at a present time and the internal resistance at a past
predetermined time when the chargeable battery was in
the normal state exceeds a second predetermined
threshold value.

8. The chargeable battery abnormality detection apparatus
according to claim 1, wherein when the processor detects a
short circuit as the abnormality, the processor causes the
detection to an external processor, and stop charging the
chargeable battery.

9. The chargeable battery abnormality detection apparatus
according to claim 1, wherein when the processor detects a
polarity inversion as the abnormality, the processor controls
an alternator to charge the chargeable battery.

10. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein the processor estimates a
temperature of an electrolytic solution in the chargeable
battery and normalizes the calculated value of the internal
resistance to a value 1n a standard state.

11. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein 1n determining whether the
abnormality has occurred in the chargeable battery, the
processor also refers to an open circuit voltage of the
chargeable battery.

12. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein the processor determines
that the chargeable battery has been short-circuited when the
calculated value of the internal resistance increases while the
chargeable battery 1s being charged.

13. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein the processor also deter-
mines that the abnormality has occurred in the chargeable
battery when the calculated value of the internal resistance
increases greater than a value 1in a normal state of the
chargeable battery while the chargeable battery i1s being
discharged.

14. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein the processor calculates
the value of the internal resistance by dividing a fluctuating
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value of a voltage 1n a predetermined time period by a
fluctuating value of a current in the predetermined time
period.

15. The chargeable battery abnormality detection appara-
tus according to claim 1, further comprising a voltage
detector that detects a voltage of the chargeable battery,

wherein the processor further determines that the abnor-

mality has occurred 1n the chargeable battery when the
voltage detector detects a voltage drop corresponding
to a voltage of one cell among a plurality of cells
constituting the chargeable battery.

16. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein when the processor detects
a polarity inversion as the abnormality, after determining
that the polarity inversion has occurred, the processor deter-
mines that the abnormality of the polarity inversion has been
resolved 1f the calculated value of the internal resistance
increases again aiter the processor has determined that the
polarity mversion has occurred and then decreases.

17. The chargeable battery abnormality detection appara-
tus according to claim 1, wherein atter determining that the
abnormality has occurred, the processor determines that the
abnormality has been resolved if a voltage of the chargeable
battery increases to reach or exceed a second predetermined
threshold value after the processor has determined that the
abnormality has occurred in the chargeable battery.

18. A chargeable battery abnormality detection method of
detecting an abnormality of a chargeable battery, the charge-
able battery abnormality detection method comprising:

calculating a value of an 1nternal resistance of the charge-

able battery;

determining whether the chargeable battery 1s being

charged or being discharged;

determiming that an abnormality has occurred in the

chargeable battery 11 either one of the following occurs:
the calculated value of the internal resistance decreases
while the chargeable battery 1s being discharged; and
the calculated value of the internal resistance increases
while the chargeable battery 1s being charged;
outputting a determination result of the abnormality; and
alter determining that the abnormality has occurred,
determining that the abnormality has been resolved 11 a
value obtamned by dividing a value of the internal
resistance at a certain time point at or after a point in
time when the abnormality has occurred 1n the charge-
able battery by a maximum value of the internal
resistance at or after the point in time when the abnor-
mality has occurred falls below a predetermined thresh-
old value.
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